Yiguanjian is administered in traditional Chinese medicine for liver diseases and has been demonstrated to reduce liver fibrosis. This study investigated the effect of Yiguanjian drug-containing serum (YGJ) with Stromal Cell-Derived Factor 1 (SDF-1) and Hepatocyte Growth Factor (HGF) on the differentiation of murine bone-marrow-derived mesenchymal cells (BM-MSCs) into hepatocytes in vitro. Adherent MSCs were isolated from murine bone marrow. Differentiation was induced by 20 ng/mL HGF, 50 ng/mL SDF-1, and 20% Yiguanjian drug-containing serum for 7 to 28 days, and mature hepatocytes' marker albumin (ALB) and cholangiocytes' marker cytokeratin-18 (CK-18) were assessed by immunocytochemistry and western blot. BM-MSCs exhibited homogeneous spindle shape growth after subculture and stained positive for CD90 and negative for CD34. After induction with HGF + normal serum or YGJ for 14 days, HGF + SDF-1 + normal serum for 7 days, or HGF + SDF-1 + YGJ for 5 days, MSCs' morphology changed gradually and begun to resemble hepatocyte-like cells. Cultures supplemented with HGF + SDF-1 + YGJ contained significantly higher proportions of ALB and CK-18 positive cells than cultures supplemented with HGF + SDF-1 + normal serum at day 7. These observations corroborated the results of western blot. In conclusion, Yiguanjian drug-containing serum could facilitate the differentiation of murine BM-MSCs into hepatocytes in vitro and has a synergistic effect with SDF-1 and HGF.
Introduction
Liver transplantation is the most effective therapy for the patients with advanced liver diseases. However, the availability of donor livers limits application of this therapy [1, 2] . Recently, stem cell-based cytotherapy has been demonstrated to benefit some patients with liver disease [3] [4] [5] [6] [7] [8] [9] [10] [11] .
BM-MSCs are relatively easy to separate and collect, exhibiting a relatively stable genetic background and extremely strong proliferative capacity and substantial plasticity and being capable of differentiation into liver parenchyma cells, liver sinus endothelial cells, Kupffer cells, stellate cells, and muscle fibroblasts [12] [13] [14] . Autologous BMderived MSCs also induce only weakly immune rejection, and their use does not involve any complicated ethical or moral questions, recommending these cells for stem cell transplantation in the treatment of end-stage liver disease [12] .
BM-MSCs can be readily isolated from bone marrow samples but represent a heterogeneous group, and responses in the clinic can vary accordingly [12] . Specific surface markers for MSCs are yet to be defined, limiting the capacity to isolate this population, and although effective transplantation likely requires large numbers of cells, ex vivo expansion have not yet been perfected [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Stem cell microenvironment is a decisive factor to the differentiation specific of stem cells. Supplementing BM-derived MSC culture with HGF promoted mitosis by interaction with receptor c-met, enhancing migration capacity and promoting mesoderm and ectoderm-derived cell proliferation, thereby promoting cell mitosis and morphogenesis and directing differentiation into hepatocytes [15] [16] [17] [18] . SDF-1, also known as pre-B cell stimulating factor (PBSF) or CXCL12, is a widely expressed chemokine differing by just one amino acid in human and murine forms. MSCs in vitro have been reported to express the SDF-1 receptor, CXCR4, and signaling induces MSC chemotaxis and homing to the liver [19] [20] [21] . We sought to further enhance this ex vivo culture environment to encourage proliferation of BM-derived MSC and direct differentiation towards hepatocytes.
The traditional Chinese medicine Yiguanjian (described in the "Liuzhou Medical Talks") is traditionally administered for liver diseases. It is comprised of radix glehniae, radix ophiopogonis, radix Angelicae sinensis, dried rehmannia root, Lycium barbarum L., and fructus meliae toosendan. This formula has a high concentration of polysaccharides, as each of Lycium barbarum L., radix Angelicae sinensis, radix ophiopogonis, and radix glehniae contains polysaccharides. There are 18 kinds of amino acids in this decoction, of which there are eight kinds of essential amino acids for humans. And it also contains many trace elements, microelements, saponins, phytosterols, triterpenoids, lactones, coumarins, and flavonoids. There are many researches indicating that, in both rat and mouse models of liver disease, Yiguanjian could reduce liver fibrosis [22] [23] [24] [25] [26] , and oral administration of Yiguanjian decoction significantly reduced the serum aspartate aminotransferase (AST) and alanine transaminase (ALT) and inhibited accumulation of collagen I, tissue inhibitor of metalloproteinase-1, and -smooth muscle actin ( -SMA) in hepatic tissues. Yiguanjian improves liver function in rats, reducing histological damage and increased expression of hepatic oval cells. Wang et al. [26] revealed that Yiguanjian inhibited liver fibrogenesis by inhibiting bone marrow cells differentiating into myofibroblasts in the liver. Hence, we sought to determine whether supplementing cultures with Yiguanjian drug-containing serum ex vivo could enhance BM-MSCs' differentiation towards hepatocytes and cholangiocytes in isolated mouse BM-MSCs.
Materials and Methods

Animals.
Male Kunming mice ( = 140, body weight 18 ± 2 g) aged 4-5 weeks were obtained from the specificpathogen-free (SPF) level animal experimental Center of Dalian Medical University (China) (license number: SCXK (Liao) 2008-0002). Animals were housed at 20-25 ∘ C and 50 ± 5% humidity with ad libitum access to food and water and a 12 : 12 h light/dark cycle. All procedures and animal experiments were approved by the Animal Care and Use Committee of Dalian Medical University (China). The mice were prepared for isolation of BM-MSCs and preparation of Yiguanjian drug-containing serum.
Preparation of Yiguanjian Decoction.
A decocted concentrated liquid of Yiguanjian was produced using radix glehniae 9 g, radix ophiopogonis 9 g, radix Angelicae sinensis 9 g, dried rehmannia root 18 g, Lycium barbarum L. 9 g, and fructus meliae toosendan 5 g at the Chinese Medicine Center of the First Affiliated Hospital of Dalian Medical University. The decoction was prepared according to the original proportion and preparation method; then the filtrate was concentrated and dried into powder, and 1 g of the extract contained 2.3 g herbs.
Preparation of Yiguanjian Drug-Containing Serum.
Mice were divided into two groups ( = 50 each group): normal control group and Yiguanjian decoction-treated group. 50 mice received Yiguanjian decoction in the dose of 0.016 mL/g body weight/day by gavage twice (with an interval of more than 6 hours) every day for 3 days. The daily dose is 10-fold as that of 60 kg adult, which is 10 mL/kg body weight. Animals in the normal control group received an equivalent volume of normal saline (NS). One hour after intragastric administration on the third day, blood was sampled from the eyeball, stored at 4 ∘ C for 4 hours, and then centrifuged at 1509 g for 20 min. The supernatant serum was mixed, sterilized and inactivated at 56 ∘ C for 30 min, and stored at −70 ∘ C.
Isolation and Culture of BM-MSCs.
BM-MSCs were isolated from bone marrow, as previously described [27, 28] . Mice ( = 40) were sacrificed by cervical dislocation. The femur and tibia were removed and soaked in 75% alcohol for 3 min; then the bone marrow cavity was rinsed with DMEM/F 12 medium (HyClone). Bone marrow fluid was centrifuged at 377 g for 10 min, and the supernatant was discarded. Cells were resuspended at 1 × 10 9 cells/L in DMEM/F 12 medium containing 15% FBS (Gibco) and 100 U/mL penicillin-streptomycin and incubated at 37 ∘ C at an atmosphere of 5% CO 2 . After 48 hours the culture medium was changed, and nonadherent hematopoietic cells were removed. The medium was then changed every 3-4 days, and cells were observed by Eclipse TS100 inverted microscopy (Nikon, Japan). When cells grew to 80-90% confluency (about 12-14 days), the monolayer was digested with 0.25% trypsin (Hyclone) containing 0.02% EDTA, and cells were passaged at the dilution of 1 : 2 for one to three rounds (P1 to P3). 
Identification of BM-
Measurement of BM-MSCs'
Growth. Second-passage BM-MSCs in the logarithmic growth phase were resuspended at 5 × 10 3 /mL and 200 L was plated in a 96-well plate. Blank wells were only medium without cells. The viability of cells was determined by the MTT method each day for 7 days. Briefly, 20 L MTT solution (5 mg/mL, Ameresco, USA) was added to each well and incubated at 37 ∘ C with 5% CO 2 for 4 hours before the supernatant was replaced with 150 L DMSO (Sigma, USA). After shaking for 10 min, the OD at 490 nm was measured on a microplate reader (Thermo, USA). This process was repeated for 3 times.
Induction of BM-MSCs' Differentiation In Vitro. Secondpassage MSCs (4 × 10
5 cells/well) in the logarithmic phase of growth were cultured in 6-well plates. When having reached 70-90% confluency, cells were incubated with the following mediums for 7, 14, 21, and 28 days. Negative control cells were cultured in medium containing 15% normal serum, but cells at HGF + normal serum group (HGF group) received medium supplemented with a final concentration of 20 ng/mL HGF (Peprotech, USA) and 15% normal serum (as previously established [29, 30] ). And cells at Yiguanjian drug-containing serum group (YGJ group) received medium supplemented with 20% Yiguanjian drug-containing serum. Cells at HGF + SDF-1 + normal serum group (HGF + SDF-1 group) received medium supplemented with a final concentration of 20 ng/mL HGF + 50 ng/mL SDF-1 (Peprotech, USA) and 15% normal serum (as previously established [31, 32] ). Cells at HGF + SDF-1 + Yiguanjian drug-containing serum group (HGF + SDF + YGJ group) received medium supplemented with a final concentration of 20 ng/mL HGF + 50 ng/mL SDF-1 + 20% Yiguanjian drug-containing serum.
Characterization of Cells Differentiated from BM-Derived MSCs In Vitro
Morphological Observation. BM-derived MSC cultures were observed daily by inverted microscope. To assess differentiation, markers of hepatocyte-like differentiation, cellular ALB, and CK-18 expressions were assessed on 7, 14, 21, and 28 days after induction by immunocytochemistry and western blot. For immunocytochemistry, cells were incubated with the following antibodies: rabbit anti-mouse ALB (1 : 200), rabbit anti-mouse CK-18 (1 : 200) (Bioss Biotechnology Co., Ltd., Beijing, China) overnight at 4 ∘ C followed by DAB staining. The numbers of total cells and ALB or CK-18 positive cells were counted in five randomly selected fields by three independent investigators blinded to grouping, and the percentage of ALB and CK-18 positive cells was calculated.
For western blot analysis, total protein was extracted in ice-cold lysis buffer (Beyotime, Haimen, China) containing proteinase inhibitor PMSF (KeyGEN BioTECH, Nanjing, China). The lysate were subjected to 10% SDS-PAGE and transferred to polyvinylidene fluoride membranes (Millipore, Bedford, MA). The membranes were blocked and then incubated with anti-mouse ALB (1 : 2000) (Proteintech) and antimouse CK-18 (1 : 500) (Proteintech) overnight at 4 ∘ C. After washing, the membranes were incubated with horseradish peroxidase-conjugated IgG (diluted 1 : 10000, Bioss) at 37 ∘ C for 1 hour. The immunoreactive bands were detected by ECL system (Advansta, USA) and analyzed by AlphaView software (ProteinSimple, USA).
2.9. Statistical Analysis. SPSS13.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis, data are shown as mean ± standard deviation (SD), and comparisons among groups were performed using one-way analysis of variance (ANOVA) with test for post hoc analysis. < 0.05 was considered statistically significant.
Results
Characterization of Murine BM-MSCs.
Adherent cells were isolated from murine bone marrow and passaged in vitro, termed BM-MSCs. Four hours after isolation, BMMSCs began to adhere to the cell culture flask, and within 24 h the majority of cells were adhered (Figure 1(a) ). During prolonged incubation, the cells aggregated into clusters, and with the exception that few cells were polygonal or round in shape, most cells were spindle-shaped (Figure 1(b) ). MSCs tended gradually to confluency after growth of 12-14 days (Figure 1(c) ). The MSCs were subcultured by trypsin digestion when the density reached 70% to 80%. After subculture, the MSCs refraction was better and spindle shape growth was more uniform (Figures 1(d) , 1(e), and 1(f)).
The proliferation capacity of BM-MSCs (P3) was measured by MTT assay. While cells grew slowly within the first 2 days of culture, the number of cells increased between days 4 and 6 and then plateaued until day 7 (Figure 1(g) ).
To determine the nature of the isolated cells (P2), they were stained for CD34 and CD90. Cells were positive for CD90 and negative for CD34 (Figure 2 ).
Morphology Change of BM-Derived MSCs during
Differentiation. BM-MSCs (P2) cultured with 15% normal serum were spindle-shaped, spiral-shaped, or whirlpool-shaped (Figure 3(a) ). After induction with 20 ng/mL HGF + 15% normal serum for 14 days or 20 ng/mL HGF + 50 ng/mL SDF-1 + 15% normal serum for 7 days, BM-MSCs proliferation gradually reduced, and cells clustered, projections retracted, and cell morphologically changed from irregular polygonal to large, round, less-adherent cells with clear nuclei and abundant cytoplasm, partially resembling hepatocyte-like cells (Figures 3(b) and 3(c) ). Cells cultured with 20 ng/mL HGF, 50 ng/mL SDF-1, and 20% Yiguanjian drug-containing serum for 5 days were also circular, partially resembling hepatocyte-like cells (Figure 3(d) ). After induction with 20% Yiguanjian drug-containing serum for 14 days, morphology of cells began to change (Figure 3(e) ).
ALB Protein Level during Differentiation of BM-Derived
MSCs. Immunocytochemical staining for ALB was observed The value of OD at 490 nm Marker Left, right Events % gated % total Mean Geo mean at day 14 in cells cultured with 20 ng/mL HGF + 15% normal serum, and positive staining intensity increased until day 28 ( Figure 4(a) ). ALB positive staining was observed earlier in cells cultured with 20 ng/mL HGF + 50 ng/mL SDF-1 + 15% normal serum or those cultured with 20 ng/mL HGF + 50 ng/mL SDF-1 + 20% Yiguanjian drug-containing serum, and positive staining intensity increased from day 7 until day 28 (Figures 4(b) and 4(c)). And ALB positive staining cells in YGJ group could be observed at day 14 after induction and increased gradually to day 21, and there was a reduction at day 28 ( Figure 4(d) ). Cultures supplemented with HGF, SDF-1, and Yiguanjian drug-containing serum contained a significantly higher proportion of ALB positive cells than cultures supplemented with HGF, SDF-1, and normal serum at 7 (51.96 ± 3.17% versus 19.27 ± 1.91%), 14 (65.53 ± 2.02% versus 47.22 ± 1.62%), and 21 days (72.95 ± 0.95% and 55.80 ± 1.03%) (all < 0.05), indicating that ALB expression appeared more rapidly in the former cultures (Table 1) . However, by day 28, there was no significant difference in the fraction of ALB positive cells in cultures supplemented with HGF, SDF-1, and normal serum or HGF, SDF-1, and Yiguanjian drug-containing serum (Table 1) . These observations corroborated the results of western blot quantification; ALB protein expression sharply increased at day 28 in cultures supplemented with HGF and normal serum ( Table 2 and Figure 5(a) ); however, ALB protein expression progressively increases from day 7 to day 28 in cultures supplemented with HGF, SDF-1, and normal serum, and protein expression at day 7 was significantly higher than that in cultures supplemented with HGF and normal serum ( Table 2 and Figure 5(b) ). ALB protein expression in cultures supplemented with HGF, SDF-1, and Yiguanjian drug-containing serum was higher than those in cultures supplemented with HGF, SDF-1, and normal serum at days 14 and 21 (Table 2 and Figure 5(c) ). Expression of ALB increased from day 14 to 21 in culture supplemented with Yiguanjian drug-containing serum (Table 2 and Figure 5(d) ). . ALB positive staining was observed at day 14 of culture in HGF + normal serum-treated BM-derived MSCs, and ALB staining density increased until day 28 (a). ALB staining was observed at day 7 of culture in HGF + SDF-1 + normal serum-treated BM-derived MSCs, and ALB staining density increased until day 28 (b). ALB staining was observed at day 7 of culture in HGF + SDF-1 + Yiguanjian decoction-treated BM-derived MSCs, and ALB staining density increased until day 28 (c). ALB positive staining cells in YGJ group could be observed at day 14 after induction, and increased gradually to day 21, and there was a reduction at day 28 (d). -actin The data are shown as mean ± SD. * < 0.05, * * < 0.01 compared with other times in the same induction group. # < 0.05: 14 days versus 7 days and 21 daysversus 14 days.
CK-18 Protein Level during Differentiation of BMDerived MSCs.
Immunocytochemical staining for CK-18 was observed at day 14 in cells cultured with HGF and normal serum, and positive staining intensity increased until day 28 ( Figure 6(a) ). CK-18 positive staining was observed earlier in cells cultured with HGF, SDF-1, and normal serum or those cultured with HGF, SDF-1, and Yiguanjian drugcontaining serum, and staining intensity increased from day 7 until day 28 (Figures 6(b) and 6(c)). Positive staining for CK-18 was observed at day 14 in cells cultured with YGJ, and staining intensity increased until day 28 ( Figure 6(d) ).
Cultures supplemented with HGF, SDF-1, and YGJ contained significantly higher proportion of CK-18 positive cells than cultures supplemented with HGF, SDF-1, and normal serum at day 7 (45.76 ± 2.20% versus 34.00 ± 1.85%) ( < 0.05), indicating that CK-18 expression appeared more rapidly in the former cultures (Table 3) . However, by day 14 onward, there was no significant difference in the fraction of CK-18 positive cells in cultures supplemented with HGF, SDF-1, and normal serum or HGF, SDF-1, and YGJ (Table 3) . These observations corroborated the results of western blot quantification. CK-18 protein expression in cultures supplemented with HGF at the 28th day had a significant difference compared with the other time (all < 0.01) ( Table 2 and Figure 5(a) ). CK-18 protein expression in HGF + SDF-1 + normal serum at the 28th day had a significant difference compared with the other time (all < 0.05) ( Table 2 and Figure 5(b) . CK-18 staining was observed at day 14 of culture in HGF + normal serumtreated BM-MSCs, and CK-18 staining density increased until day 28 (a). CK-18 staining was observed at day 7 of culture in HGF + SDF-1 + normal serum-treated BM-MSCs, and CK-18 staining density increased until day 28 (b). CK-18 staining was observed at day 7 of culture in HGF + SDF-1 + YGJ-treated BM-MSCs, and CK-18 staining density increased until day 28 (c). Positive staining for CK-18 was observed at day 14 in cells cultured with YGJ, and staining intensity increased until day 28 (d). HGF + SDF-1 + YGJ-treated cells at the 21st day was significantly higher than those at 7th and 14th days (both < 0.01); furthermore, CK-18 protein expression at the 28th day was higher than those at the 7th and 14th days (both < 0.001) ( Table 2 and Figure 5(c) ). CK-18 protein expression in YGJ-treated cells increased from the 14th day to the 21st day ( < 0.05) (Table 2 and Figure 5(d) ).
Discussion
We sought to determine whether supplementing cultures with Yiguanjian drug-containing serum could enhance isolated murine BM-MSCs' differentiation towards hepatocytes and cholangiocytes. We prepared the Yiguanjian drugcontaining serum by giving mice Yiguanjian decoction by gavage for 3 days and obtained their blood to prepare the drug-containing serum. We isolated MSCs from murine bone marrow by adhesion. Differentiation towards hepatocytes and cholangiocytes was induced by supplementing culture medium with 20 ng/mL HGF, 50 ng/mL SDF-1, and/or 20% Yiguanjian drug-containing serum.
Albumin is expressed in the embryonic liver, increasing gradually with the liver maturation, and is one of the most commonly used reliable indicators of mature hepatocytes. It is mainly secreted and synthesized by hepatocytes [33] . As a specific marker of biliary epithelial cells, CK-18 is not expressed in infantile hepatic progenitor cells but is a relatively specific marker of mature hepatocytes [33] . So we detected a hepatocyte phenotype by staining for albumin and a cholangiocyte phenotype by staining for CK-18. We found that medium added to HGF + SDF-1 or Yiguanjian drug-containing serum alone could induce BM-MSCs' hepatic differentiation as we detected the expression of ALB and CK-18 in group HGF + SDF-1 and group YGJ in addition to cells' morphological changes during induction, and supplementation with YGJ induced differentiation more rapidly than using HGF and SDF-1 alone, although after 28 days in culture there was no significant difference in the fraction of cells positively expressing ALB or CK-18 between the cultures supplemented with HGF + SDF-1 and those supplemented with HGF + SDF-1 + YGJ.
These findings suggest that HGF + SDF-1 or Yiguanjian drug-containing serum alone could induce BM-MSCs' differentiation to hepatocytes and cholangiocytes, and Yiguanjian has a synergistic effect with SDF-1 and HGF as it could enhance the process of differentiation.
HGF binding its receptor HGFR would increase the interaction between the cytokine receptor and ligand and accelerate stem cell mitosis, strengthening differentiation of stem cells into hepatic cells. MSCs can express CXCR4 and c-met cytokine receptor; when exogenous SDF-1 and HGF are added to the cell culture, the MAPK pathway is stimulated [34] [35] [36] . Activation of protein kinase MSK1 enhances ALB and CK-18 gene promoter phosphorylation and epigenetic modification can induce multidirectional differentiation. Addition of Yiguanjian drug-containing serum enhanced this effect, and as CXCR4 is the specific receptor of SDF-1, we speculated that YGJ induces BM-MSCs' hepatic differentiation via SDF-1/CXCR4 pathway. However further work will be required to determine the mechanism of Yiguanjian action and explore the active substances of Yiguanjian through performing the chemical analysis in this formula.
Conclusions
In conclusion, we found that addition of Yiguanjian drugcontaining serum can enhance the speed to induce differentiation of murine BM-derived MSCs into hepatocytes by supplementing HGF and SDF-1 in vitro. Yiguanjian might promote liver cell maturation, protect mature hepatocytes, or inhibit hepatic apoptosis. However, these findings in this study are preliminary, and the special mechanism of Yiguanjian and the properties of these ex vivo expanded differentiated cells in transplant experiments on animals will need to be further investigated as well.
